One of the most difficult tasks in the development of software is the identification of the functional requirements. A well-defined functional requirement will eventually map the success of a software project. A support tool that can recommend candidate functional requirements for a software project being developed will help software engineers to deliver the right software to the clients.
I. INTRODUCTION
The software industry constantly increases the demand for functionality. Functional requirements sketch out the functionality the system has to perform [1] . They define what the system will do specifically in the context of an external interaction either with a user or with another system. The importance of requirements in general and the underlying problems that goes with it had been the subject of several surveys since the early 90's. As systems becomes more multifaceted, software developers are given very little assistance on how to overcome the difficulties that naturally come with such complex software projects. Several of the surveys have highlighted principal flaws in the requirement process that can be linked to accidental difficulties such as tool integration [2] . In a survey on market-driven requirements engineering conducted by Karlsson et al. (2002) , one of the salient challenges found is the absence of Manuscript received May 15, 2014; revised July 23, 2014. Reynald Jay F. Hidalgo is with School of Information Technology Education of Colegio De Dagupan, Dagupan City, Philippines (e-mail: reynaldjayhidalgo@yahoo.com).
Proceso L. Fernandez is with Ateneo de Manila University, Quezon City, Philippines. simple tools for basic needs. [3] The respondents of the said survey requested simple and easy to use techniques for basic activities in requirements engineering. Cheng and Atlee (2007) identified that much effort has been devoted to leverage tools and technologies enhancing requirements elicitation but there still exist a vast potential for improvement [4] .
The most obvious documentation tool used is a word processing packages which is labelled as a poor documentation tool [5] . The same issue was raised in 2000 by Nikula et al. who found out that no software organization used requirements management tools. Only templates, checklists, and metrics were used by a handful of companies to document their requirements while some companies had tools that aid them for the other software phases that includes configuration management and testing [6] . The presence of tools to help developers for organizing and documenting various parts of the software development process is critical to the success of a project.
The most important element in the identification of the functional requirements is the stakeholders. This research attempts to answer the question, "Can collaboration among multiple data sources (of previously created software projects) identify functional requirements of stakeholders in new software projects to be developed?"
II. CONCEPTUAL FRAMEWORK
We hypothesize that using item-to-item collaborative filtering applied to completed software engineering projects can model a requirement elicitation tool that can recommend functional requirements to projects to be developed. Fig. 1 shows the conceptual framework of this research. Previously developed systems can be a good source of functional requirements for projects currently being developed. McMen-amin and Palmer [7] argued that new software projects have to meet a large fraction of the functionality of the old system; and that errors can be avoided based from the lessons learned from the experiences of completed projects. Furthermore, functional requirements which are not properly identified at the onset of the project development may sacrifice cost and high quality of requirement. Reviewing the past developed projects can contribute to cost efficiency and early removal of defects [8] .
III. RELATED WORK

A. Requirements Elicitation
Requirements identification is one of the tasks in the requirements engineering phase in the software development cycle. The lack of tools that will aid software engineers properly enumerate the right requirements had been the subject of recent studies, mostly utilizing concepts in artificial intelligence to elicit the right requirements.
Asadi et al. [9] developed a feature model configuration approach that takes into account qualitative and quantitative non-functional properties as well as functional requirements. At the same time, capturing the preferences of stakeholders in terms of relative importance between non-functional properties is also included. This can make it easier for stakeholders to identify these requirements. A combination of Analytical Hierarchy Process (AHP) and Fuzzy Cognitive Maps (FCM) are used to compute the non-functional properties weights based on stakeholders' preferences and interdependencies between non-functional properties. Furthermore, Hierarchical Task Network (HTN) planning is applied to find the optimal feature model configuration that will eventually used to automatically select proper features based on stakeholders' requirements.
The importance of identifying the right requirements is cascaded even to very specific software domains as this eventually contribute to the development of software that is accepted by end-users.
This had been the subject of the study of Hussin and Johare (2014) [10] who investigated the necessity of identifying the functionality of a record-keeping system, the anticipated user characteristics, and how functionality can be kept abreast of ever-changing technology platforms. They applied this concept in the development of an electronic court records management system and had proven that functional requirements are essential in the completion of the said system.
Casamayor, Godoy and Campo (2009) [11] developed a semi-supervised text categorization approach for the automatic identification and classification of non-functional requirements. The goal of the approach is the integration into a recommender system that will assist software engineers in the development of the system. This approach uses a few requirements identified by software engineer during the requirements elicitation phase, and allow learning an initial classifier for the non-functional requirements that could successively identify the type of requirement in an iterative process.
B. Item-to-Item Collaborative Filtering Algorithm
Collaborative filtering had been proven useful in the development of recommender systems. Recommendation algorithms are best known for their use on e-Commerce Web sites, where they use input about the customer's interest to generate a list of recommended items. Perhaps the most famous retailer who applied this concept is Amazon.com where upon the purchase of item, provides recommendations to possible items that a customer might want to buy [12] .
In the field of education, this technique was used to develop a web-based intellectual e-notebook system [13] . This system can recommend the useful notes automatically based on the item-to-item collaborative filtering applied to the learners' reading histories and contents of notes, which improves the efficiency of group learning.
Other applications of this algorithm include a distributed semantic p2p overlay which can provide music search and recommendation services by considering both of user preference and diversity of interest [14] . The study combined item-to-item relationship to construct a history based cooperative filter.
In recent years where there has been an increase in online video content, this has given rise to the need of developing effective recommendation system which can help users discover meaningful and interesting videos. Jin et al. (2010) used item-to-item collaborative filtering using video views data, which involves content analysis of video metadata to extract feature representation for identifying similar videos for recommendation. Recommendation results were further filtered through a refinement stage using semantic similarity [15] .
Recommender systems are also being used in web services to identify non-functional requirements. A graphical user interface was even included to facilitate ease of use of the tool by the different users of the system and the user can specify their requirements for desired web services [12] .
IV. METHODOLOGY
A. Data Collection
Software project documentations are used as basis for building the model that will identify possible functional requirements of a software project currently being developed. These project documentations, alongside the software, are written by students as a requirement for graduation to the Master in Information Technology (MIT) program. Capstone projects serve to provide the MIT students the opportunity to apply the concepts they have learned from the academic courses they finished. This is offered during the last semesters that the student is enrolled prior to graduation and capstone projects are normally developed within a span of one year.
Every MIT student is required to submit a project for the completion and awarding of the MIT degree. These projects are defended by the student to a panel of experts. The members of the panel are selected from a pool of experts based from the relevance of the project being presented to the expert's specialization. The major responsibility of the panel is to ensure that the projects had met the requirements of the target beneficiaries All projects and their corresponding documentations that were successfully defended are placed in the libraries of the institutions that offer the program. These project documentations are strategically placed in the libraries to serve as basis and reference materials for MIT students who are currently developing their software and consequently writing their software project documentation. These documents more or less describe the system developed, the functionalities that are included and the processes that were executed by the MIT student. Essential elements such as the domain, the stakeholders, and the functional and non-functional requirements are also included in the software project documentation.
In this study, purposive sampling technique was used to select the documents to be collected and evaluated. MIT projects from graduate schools offering this program in Northern Luzon, Philippines are used in the study. These documents include completed software project documentations from Colegio De Dagupan, Don Mariano Marcos Memorial State University and the University of the Cordilleras. Permission to access the said documents was secured from the pertinent officials of the concerned Higher Education Institutions prior to gathering them.
B. Data Analysis
A review of completed projects through document analysis is used to extract the profile along software domain, stakeholders, and functional requirements. Document analysis describes the act of reviewing the existing documentation of comparable business processes or systems in order to extract pieces of information that are relevant to the current project. Existing documentations is reviewed for understanding key functional requirements, the domain of the project and the classification of stakeholders.
Specifically, the parts of the documents that are analysed included the Discussion of Findings, Appendices that includes Use-Case diagrams, and transcripts of the interview among others. This serves as the basis in the identification of functional requirements, stakeholders, and the domain. The data gathered from these projects are used further to develop a tool to help software engineers to identify functional requirements.
C. Selection of Target Software Domain
All project documentations developed at the onset of offering the program of the identified HEIs are included in the study. The projects are grouped on the basis of the domain of the software, and a specific domain is selected for the development and validation of the recommender model.
D. Model Building
The item-based collaborative filtering applied in purchase statistics shall be used in this study. In this method, the users are only provided with binary data. One (1) will represent an item that was purchased while zero (0) indicates that the item that was not purchased. This is very similar to the binary item-based collaborative filtering patented algorithm by Amazon.com [10] . Table I shows a sample purchase statistics. In this case, the cosine between items 1 and 2 is: (1, 0, 0)  (0, 1, 1) = 0 ||(1, 0, 0)|| ||(0, 1, 1)||
The cosine between items 1 and 3 is:
(1, 0, 0)  (1, 1, 0)  0.71 ||(1, 0, 0)|| ||(1, 1, 0)|| Whereas the cosine between items 2 and 3 is (0, 1, 1)  (1, 1, 0)  0.5 ||(0, 1, 1)|||| (1, 1, 0 )||
E. Model Validation
In this paper, leave-one-out cross-validation (LOOCV) is used to estimate the expected accuracy of the model. Though statistical accuracy metrics evaluate the accuracy of an identifier by comparing predicted values with user provided values, the existing data instead was used for this purpose. One project will serve as the test data while all the rest of the existing projects serves as the basis of the model. All the projects included will eventually serve as test data at one time and as part of the model for n-1 time where n is the total number of projects under the identified domain. As an example, Project 1 will serve as test data while Project 2 to Project n will be used as the basis of the model. The requirements will then be subjected to the model and each time a functional requirement is present on Project A, all functional requirements that will be identified by the model will be recorded. The recorded values will then be sorted from highest to lowest. The top n-1 shall be extracted from the list. These functional requirements shall then be compared with the actual functional requirements in the project being tested. If the recommended functional requirement is present from the actual functional requirement, then this will be a hit. All hits shall then be added. The total hits of all the actual functional requirements shall be added divided by the total number of functional requirements. The result will then be the average hits of all the requirements out of all the n functional requirements of the project being tested.
V. RESULTS
A. Profile of Completed Projects
The three HEI's offering MIT in Northern Philippines had yielded a total of 316 projects. The most number of projects developed is from the University of the Cordilleras which totalled to 199, followed by Colegio De Dagupan which totalled 59 and DMMMSU which totalled to 58. It is expected that the University of the Cordilleras had produced the largest number since they had been operating the MIT program since 2006 while the two other institutions started operation only last 2008. The University of the Cordilleras had also been identified by CHED as a delivering institution in government funded scholarship grants for college faculty. Although Colegio De Dagupan was also identified as a delivering institution the moment they started operation. DMMMSU on the other hand is state-run university offering lower fees as compared to the two other private institutions. Table II shows the top 15 projects that are produced by the International Journal of Information and Education Technology, Vol. 5, No. 10, October 2015 three HEIs. Table III shows the profile of the chosen domain and the stakeholders who are the primary source of the functional requirements. These stakeholders had either answered a survey questionnaire floated by the project study developers and/or had scheduled for a structured interview. In Faculty Evaluation Systems, the Students, the Dean and Peers evaluate a faculty member. On the other hand, all of the institutions that were selected as the object of study of the project developers had in-house system administrators that were also interviewed. Table IV shows the functional requirements identified by the stakeholders of Faculty Evaluation Systems developed by MIT students.
The numbers on the latter table will be used to reference the functional requirements on the next table. Table V shows the presence of all the combined functional requirements from all the documents that were analyzed.
The table shows the presence of an identified functional requirement. One (1) denotes presence of the requirement while zero denotes its absence. Item-to-Item filtering was then applied to predict possible requirements that one software clients might seek to integrate in the software he wants. The item-to-item collaborative filtering algorithm is applied to the matrix to get the cosine values of each of the pairs. Table VI shows the functional requirements with the highest cosine values. B. Analysis of the Profile of the Projects Using the Item-to-Item Collaborative Filtering
Out of 16 functional requirements for project A, the model was able to correctly identify 13 given the functional requirement 1 while given functional requirement 13, the model was able to correctly identify 15 out of all the 16 requirements. The blanks on the table denote the absence of the requirement on that particular project. The average hits for project A is 13.3125. Furthermore, the model is able to recommend correctly 13.3125 out of the 16 actual functional requirements in Project A.
VI. CONCLUSIONS
Tools that will aid in requirements engineering process plays a vital role in the success of the software project. Item-to-item collaborative filtering had been proven to be one of the most successful techniques in the development of a recommender system. In this paper, a recommender model which uses item-to-item collaborative filtering to recommend functional requirements was successfully developed.
Results show that the functional requirements identified by the model are very close to that of the ones identified by the stakeholders of the projects. Keeping track of the functional requirements which were not identified by the stakeholder but is identified by the model are functional requirements noteworthy of inclusion in the project being developed.
